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Governmental programs

intended to protect public

health and the environment

should take into account

potential income and employ-

ment ef fects of required

compliance measures.

emforum

Numerous studies conducted in the
past 10–15 years have indicated that economic factors, such
as income, employment, and socioeconomic status, affect
disease and death.1 The case study research described in
this article shows how a large-scale econometric model—
the application of statistical methods to the study of eco-
nomic data and problems—can accurately predict long-term
U.S. mortality trends based on variables such as per-capita
income and unemployment rates (see Figure 1). In addi-
tion, it demonstrates that even short-term, year-to-year
fluctuations in economic indicators can accurately predict
year-to-year fluctuations in population mortality rates (see
Figure 2). These results leave little doubt that the statisti-
cally significant relationships between socioeconomic indi-
cators and population mortality rates identify principal risk
factors to a population’s health.

AN ECONOMETRIC MODEL
An econometric model was applied to a hypothetical regu-
latory case study, whereby U.S. coal was replaced by alter-
native higher-cost fuels such as natural gas for the purpose
of electricity generation. The model was used to estimate

the premature mortality associated with increased unem-
ployment and reduced personal income. The adverse
impacts on household income and unemployment due to
the substitution of higher-cost energy sources were estimated
to result in 195,000 additional premature deaths annually
(see Table 1).

The results from this hypothetical case study may be
scaled to apply to specific policy initiatives affecting the
U.S. coal-based electricity generation sector. For example,
the U.S. Department of Energy’s Energy Information
Administration (EIA) estimates that climate change bills
currently before the U.S. Congress—such as Senate Amend-
ment No. 2028, rejected by the Senate in 2003 and again in

June 2005—could result in the displacement of up to 78%
of U.S. coal-based electricity generation with higher-cost
energy sources.2 The methodology employed here suggests
that, absent any direct mitigation measures to offset expected
decreases in employment and income,3 implementation of
such measures could result in an annual increase of pre-
mature mortality rates by more than 150,000.

These predicted mortality trends are an order of magni-
tude greater than recent estimates of the premature mortal-
ity benefits associated with implementation of the U.S.
Environmental Protection Agency’s 8-hr ozone standard
(approximately 1000–3000 premature deaths avoided an-
nually)4 and fine particulate (PM2.5) standard (approxi-
mately 15,000 premature deaths avoided annually).5 In this
context, a major implication of this research is that govern-
mental programs intended to protect public health should
take into account potential income and employment effects
of required compliance measures. By increasing the costs of
goods and services such as energy, and decreasing dispos-
able incomes, regulation can inadvertently harm the socio-
economic status of individuals and, thereby, contribute to
poor health and premature death.
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ENERGY AND HEALTH
Energy is among the most indispensable ingredients of
human existence. Like most advanced industrial economies,
the United States depends primarily on carbon-based (and
carbon-emitting) energy. In 2003, U.S. energy users con-
sumed a total of 98 quadrillion British Thermal Units
(quads) of energy, including 39 quads of petroleum, 23 quads
of natural gas, and 23 quads of
coal. Nuclear, hydro, and other
non-carbon-emitting energy
sources supplied the remaining 14
quads, or 15% of total energy con-
sumption.6 Emissions from coal-
based electricity generation plants
alone represented one-third of
U.S. carbon dioxide (CO2) emis-
sions in 2002.7

A substantial body of literature
has developed examining the po-
tential impacts of proposed restric-
tions on greenhouse gas emissions
on the national gross domestic
product (GDP), energy prices, in-
come, and employment.8 It has
been estimated, for example, that
global climate change initiatives
requiring expanded use of high-
cost, lower-carbon energy alterna-
tives such as natural gas would
increase the cost of energy to the
point that per-capita income and
employment rates would decrease
in a quantitatively predictable

manner. Assuming these estimates
to be approximately correct, and
given the epidemiological findings
on socioeconomic status and
health,1,3,9-11 it follows that these pro-
posed policies might, in effect, bring
about a net increase in population
mortality.

LINKS BETWEEN HEALTH
AND INCOME
The socioeconomic-status findings
show that changes in the economic
status of individuals produce subse-
quent changes in the health and life
span of those individuals. Unfortu-
nately, traditional epidemiological lit-
erature has not dealt with the issue
of change in socioeconomic status in
relation to changes in health status.
However, another body of research
shows that decreased real income
per capita and increased unemploy-
ment have consequences that lead
to increased mortality in U.S. and

European populations.3,9-11 This literature uses economet-
ric analyses of time-series data to measure the relationship
between changes in the economy and changes in health
outcomes.

The econometric approach to health impact assessments
was developed initially in two studies for the Joint Economic
Committee (JEC) of the U.S. Congress in 19799 and 1984.10

Figure 1. U.S. total mortality rate, real and projected, 1965–2000 (Level model;
age-adjusted per 100,000 population).

Figure 2. Annual changes of U.S. total mortality rate, real and projected, 1966–2000 (First
difference model using error correction method [ECM]; age-adjusted per 100,000 population).
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These studies demon-
strated that declines in real
income per capita and in-
creases in unemployment
led to elevated mortality rates
over a subsequent period of
six years. For example, the
1984 JEC study found that a
one-percentage-point in-
crease in the unemployment
rate (e.g., from 5% to 6%)
would lead to a 2% increase
in the age-adjusted mortality
rate. The growth of real
income per capita also
showed a significant corre-
lation to decreases in mor-
tality rates (except for
suicide and homicide),
mental hospitalization, and
property crimes. Over the
past four years, the Euro-
pean Commission has sup-
ported similar research
showing comparable results
throughout the European
Union.11

UPDATED MODEL
RESULTS
The research described in
this article updates the 1984
JEC analysis. U.S. data for the
period 1965–2000 were em-
ployed to estimate mortality
rates and other health effects
of changes in economic con-
ditions. The econometric
model combined four pre-
dictive factors in the expla-
nation of U.S. mortality
trends and fluctuations:

1. real GDP per capita
(beneficial impact on
mortality);

2. employment ratio
(beneficial impact);

3. unemployment rate
(harmful impact); and

4. the interaction
between GDP and
unemployment as
coincident and
lagging business-cycle
indicators (harmful
impact).

At the national level, the
findings confirmed that theTa

bl
e 

1
. 

Es
tim

at
es

 o
f 
pr

em
at

ur
e 

m
or

ta
lit

y 
im

pa
ct

s 
in

 2
0
1
0
 o

f 
hy

po
th

es
iz
ed

 e
lim

in
at

io
n 

of
 c

oa
l u

til
iz
at

io
n 

fo
r 

el
ec

tr
ic

ity
 g

en
er

at
io

n.

Ye
ar

U
.S

. 
P
op

ul
at

io
n

A
n
n
ua

l 
G

ro
w

th
2
0
0
0

2
8
2
,1

2
5
,0

0
0

2
0

1
0

3
1

0
,0

1
3

,0
0

0
0

.9
5

%

  
  

  
  

  
  

  
  

  
 M

or
ta

lit
y 

R
at

es
a

  
  

  
  

  
  

  
  

  
  

 N
um

be
r 

of
 D

ea
th

s
Lo

w
 S

D
H

ig
h
 S

D
D

el
ta

(9
5
%

(9
5
%

G
ro

w
th

M
od

el
 T

yp
es

B
as

e 
(2

0
1

0
)

Fi
n
al

D
el

ta
B

as
e

Fi
n
al

co
n
fi
de

n
ce

)b
D

el
ta

co
n
fi
de

n
ce

)b
(%

)c

M
od

el
 1

 –
 U

ne
m

pl
oy

m
en

t
Le

ve
l m

od
el

7
9

7
8

5
2

5
5

2
,4

7
0

,8
0

4
2

,6
4

1
,3

1
1

1
6

6
,5

0
5

1
7

0
,5

0
7

1
7

4
,5

1
0

6
.9

 R
at

e 
(U

R
)

Fi
rs

t 
di

ff
er

en
ce

 m
od

el
8

1
1

8
7

0
5

9
2

,5
1

4
,2

0
5

2
,6

9
7

,1
1

3
1

7
8

,2
8

2
1

8
2

,9
0

8
1

8
7

,5
3

3
7

.3

M
od

el
 2

 –
 E

m
pl

oy
m

en
t

Le
ve

l m
od

el
8

8
5

9
4

7
6

2
2

,7
4

3
,6

1
5

2
,9

3
5

,8
2

3
1

8
8

,5
5

5
1

9
2

,2
0

8
1

9
5

,8
6

1
7

 R
at

e 
(E

R
)

Fi
rs

t 
di

ff
er

en
ce

 m
od

el
9

1
5

9
7

6
6

1
2

,8
3

6
,6

1
9

3
,0

2
5

,7
2

7
1

8
5

,6
2

0
1

8
9

,1
0

8
1

9
2

,5
9

6
6

.7

M
od

el
 3

 –
 G

D
P
 p

er
Le

ve
l m

od
el

1
3

9
2

1
,5

0
4

1
1

2
4

,3
1

5
,3

8
1

4
,6

6
2

,5
9

6
3

4
2

,5
9

7
3

4
7

,2
1

5
3

5
1

,8
3

2
8

 c
ap

ita
 (
G

D
P
P
)

Fi
rs

t 
di

ff
er

en
ce

 m
od

el
1

4
6

3
1

,5
8

2
1

1
9

4
,5

3
5

,4
9

0
4

,9
0

4
,4

0
6

3
6

4
,2

5
2

3
6

8
,9

1
5

3
7

3
,5

7
9

8
.1

M
od

el
 4

 –
 M

od
el

 #
 3

Fi
rs

t 
di

ff
er

en
ce

 m
od

el
1
4
0
6

1
4
6
9

6
3

4
,3

5
8
,7

8
3

4
,5

5
4
,0

9
1

1
9
3
,1

8
1

1
9
5
,3

0
8

1
9
7
,4

3
5

4
.5

 le
ve

l w
ith

 M
od

el
 #

2
 f
ir
st

 d
iff

er
en

ce
A

ve
ra

ge
1
0
9
6

1
1
7
1

7
6

3
,3

9
6
,4

1
4

3
,6

3
1
,5

8
1

2
3
1
,2

8
5

2
3
5
,1

6
7

2
3
9
,0

4
9

6
.9

M
od

el
 T

yp
e

M
or

ta
lit

y 
R

at
e

W
ei

gh
ts

d
N

um
be

r 
of

 D
ea

th
s

M
od

el
 4

D
el

ta
Fi

rs
t 

di
ff
er

en
ce

 m
od

el
1

9
5

,3
0

8
U

R
0
.2

4
6

4
8
,0

7
9

ER
0

.2
6

6
5

2
,0

3
7

G
D

P
P

0
.4

8
7

9
5
,1

9
2

To
ta

l
1

.0
0

0
1

9
5

,3
0

8

a B
as

e 
= 

2
0
1
0
 f
or

ec
as

t;
 F

in
al

 =
 2

0
1
0
 f
or

ec
as

t 
w

ith
 c

oa
l u

til
iz
at

io
n 

im
pa

ct
. 

Th
e 

im
pa

ct
 o

n 
U

R
 is

 t
he

 a
ve

ra
ge

 o
f 
th

e 
D

R
I1

4
 a

nd
 R

os
e 

an
d 

Ya
ng

1
5
 e

st
im

at
es

 f
or

 jo
b 

lo
ss

 %
 c

ha
ng

e 
fr

om
 t

he
 4

%
 a

ss
um

ed
 2

0
1

0
 b

as
e 

le
ve

l. 
Th

e 
im

pa
ct

 o
n 

ER
 is

as
su

m
ed

 t
o 

be
 a

 m
in

us
 2

%
 c

ha
ng

e 
fr

om
 t

he
 2

0
1
0
 b

as
e 

le
ve

l. 
Th

e 
im

pa
ct

 o
n 

G
D

P
P
 is

 t
he

 a
ve

ra
ge

 o
f 
th

e 
D

R
I1

4
 a

nd
 R

os
e 

an
d 

Ya
ng

1
5
 e

st
im

at
es

 f
or

 p
er

so
na

l i
nc

om
e 

%
 c

ha
ng

e 
th

e 
2

0
1

0
 b

as
e 

le
ve

l; 
D

el
ta

 =
 2

0
1

0
 f
or

ec
as

t,
 n

o 
po

pu
la

tio
n

as
su

m
pt

io
n 

ne
ed

ed
. 

B
Er

ro
r 

fo
re

ca
st

 s
ta

nd
ar

d 
de

vi
at

io
n 

(S
D

).
 c D

el
ta

 m
or

ta
lit

y 
ra

te
 d

iv
id

ed
 b

y 
th

e 
2

0
1

0
 b

as
e 

fo
r e

ca
st

. 
d W

ei
gh

ts
 c

al
cu

la
tio

n 
= 

S
te

p 
1

: 
G

D
P
P
 w

ei
gh

t 
is

 e
st

im
at

ed
 a

s 
1

 m
in

us
 D

el
ta

 f
r o

m
 M

od
el

 2
 f
ir
st

 d
if f

er
en

ce
 d

iv
id

ed
 b

y 
D

el
ta

fr
om

 M
od

el
 3

 f
ir
st

 d
if f

er
en

ce
; 

S
te

p 
2
: 

U
R

 w
ei

gh
t 

is
 e

st
im

at
ed

 a
s 

1
 m

in
us

 G
D

P
P
 w

ei
gh

t 
di

vi
de

d 
by

 2
 m

ul
tip

lie
d 

by
 D

el
ta

 f
r o

m
 M

od
el

 1
 f
ir
st

 d
if f

er
en

ce
 d

iv
id

ed
 b

y 
D

el
ta

 f
ro

m
 M

od
el

 2
 f
ir
st

 d
if f

er
en

ce
; 

S
te

p 
3

: 
ER

 w
ei

gh
t 

is
 e

st
im

at
ed

 a
s 

1
 m

in
us

G
D

P
P
 w

ei
gh

t 
m

in
us

 U
R

 w
ei

gh
t;

 b
y 

de
fin

iti
on

 w
ei

gh
ts

 s
um

 t
o 

1
.

Copyright 2005 Air & Waste Management Association



awma.org november 2005   em   31

hypothesized benefits of real income per capita and employ-
ment were strong and statistically significant, while the dam-
aging effects of increased unemployment and acute
business-cycle disturbances were similarly robust and statis-
tically significant. Figure 1 demonstrates the model’s pro-
jection of U.S. mortality rates.

As in the 1984 JEC study, the upward trends in real

income per capita represented the most important factor in
decreased U.S. mortality rates since the 1960s. Also, the un-
employment rate continued to bear a significant correla-
tion to increased mortality rates, such that an increase of
1% in the unemployment rate eventuates in an approxi-
mately 2% increase in the age-adjusted mortality rate, esti-
mated cumulatively over at least the subsequent decade.

In sum, growth in real income per capita is the back-
bone of decreases in the U.S. mortality rate. There are sev-
eral reasons for this. First, with respect to physical health,

In sum, growth in real income

per capita is the backbone

of decreases in the U.S.

mortality rate.

economic growth is fundamental in meeting basic popula-
tion needs, such as nutrition, housing, health insurance,12

medical care, sanitation, electricity, transportation, and
climate control. In addition, economic growth enables
increased industrial investment in pollution control
technologies and safer work environments, with minimal
adverse workplace exposures to chemicals, noise, and un-
sanitary conditions.

Year-to-year fluctuations in mortality rates are largely ex-
plained by annual changes in the behavior of variables in
the model (see Figure 2). This means that a decline in the
mortality rate from one year to the next (e.g., between 1981
and 1982) is related to increased real income per capita and
declining unemployment rates during that same year’s
change (1981–1982) and the (approximately) 10 years prior
to that same year’s mortality decline.

State and Regional Analyses
If the economic model explaining mortality changes in the
overall United States applied to all of its regions, or to a
large number of states, then it would necessarily follow that
the historical pattern of mortality rate changes in the re-
gions and states would resemble one another. If true, this
would be remarkable, in that there is no existing literature
indicating that the trends and fluctuations in mortality rates
are similar among the major regions of the United States.

What’s New in the Online Library...
A&WMA Members: Take Advantage of
Discounted Pricing on These Great New CDs

2005 A&WMA Annual Conference Proceedings
CD-ROM
Order Code:  ACE-05-CD
This CD-ROM contains the more than 450 full technical presentations
made at A&WMA's 98th Annual Conference & Exhibition, held in
Minneapolis, MN, June 2005. Included is the 2005 Critical Review on
Nanotechnology and the Environment.

Sustainable Development and the Importance
of Chemicals Management in the 21st Century
Order Code:  CP-136-CD
This CD proceedings contains 25+ PowerPoint presentations from the
international specialty conference held December 7-9, 2004 in Ottawa,
Ontario. The conference focused on the positive and negative aspects
of the management of chemicals from the points of view of health, the
environment, and business.

Combined Power Plant Air Pollutant Control
Mega Symposium-2004   
Order Code:  VIP-131-CD
This CD contains the presentations from the fifth "Mega" Symposium
on air pollutant controls for power plants, held August 2004 in
Washington, DC. Cosponsored by A&WMA, EPRI, the U.S.
Environmental Protection Agency, and the U.S. Department of Energy,
this conference focused on SO2, NOx, particulate, mercury, and air
toxic emissions, and showcased the latest development and opera-
tional experience with state-of-the-art methods for reducing air emis-
sions from fossil-fueled boilers. 

With the newly remodeled
A&WMA Online Library, it’s
easier than ever to access,
purchase, and download
thousands of Journal of the
Air & Waste Management
Association, EM, and 
conference articles, plus
pick up a copy of the latest
technical publication!

New Titles Added Monthly!

There are now more than 3000
items in the Online Library, and
we are adding more each
month. Don’t forget that the
Online Library also includes 
all of the books and CDs previ-
ously housed in the A&WMA
Bookstore—so now you can
get all the environmental infor-
mation you need in one place!
Check it out today!
www.awma.org

Copyright 2005 Air & Waste Management Association



32   em   november 2005 awma.org

REFERENCES
1. See Wildavsky, A. Searching for Safety;

Transaction Books (Rutgers Univer-
sity): New Brunswick, NJ, 1988;
Keeney, R. Mortality Risks Induced
by Economic Expenditures; Risk
Analysis 1990, 10 (1); 147-59; Adler,
N. Ostrove, J. Socioeconomic Sta-
tus and Health: What We Know and
What We Don’t; Ann. NY Acad. Sci.
1999, 896; 3-15.

2. Analysis of Senate Amendment, 2028;
U.S. Department of Energy’s En-
ergy Information Administration:
Washington, DC, May 2004; Table
2.

3. See Employment in Europe 2000, Re-
cent Trends and Prospects; European
Commission Dir.-Gen. for Employ-
ment and Social Affairs, Unit A.1:
Luxembourg, 2003; Employment Poli-
cies in the EU and in the Member
States—Joint Report, 2002; European
Commission Dir.-Gen. for Employ-
ment and Social Affairs, Unit A.1:
Luxembourg, 2003; Human Capital
in a Global and Knowledge-Based
Economy, Part II: Assessment at the EU
Country Level; European Commis-
sion Dir.-Gen. for Employment and
Social Affairs, Unit A.1: Luxem-
bourg, 2003.

4. Hubbell, B.; Hallberg, A.;
McCubbin, D.; Post, E. Health-Re-
lated Benefits of Attaining the 8-Hr
Ozone Standard; Environ. Hlth.
Perspect. 2005, 113; 83-82.

5. Regulatory Impact Analysis for the Par-
ticulate Matter and Ozone National
Ambient Air Quality Standards and
Proposed Regional Haze Rule; ES-18;
U.S. Environmental Protection
Agency: Washington, DC, July 15,
1997.

6. Short-Term Energy Outlook, 2004; U.S.
Department of Energy’s Energy In-
formation Administration: Wash-
ington, DC, 2004.

7. Annual Energy Outlook, 2004; U.S.
Department of Energy’s Energy In-
formation Administration: Wash-
ington, DC, 2004.

8. See Impacts of the Kyoto Protocol on
U.S. Energy Markets and Economic
Activity; U.S. Department of
Energy’s Energy Information Ad-
ministration: Washington, DC,
1998; The High Costs of the Kyoto
Protocol; Wharton Econometric
Forecasting Associates Inc.: Phila-
delphia, PA, 1998; Manne, A.;
Richels, R. Economic Impacts of Alter-
native Emission Reduction Scenarios;
American Council for Capital For-
mation Center for Policy Research:
Washington, DC, 1998.

9. Brenner, M.H. Estimating the Social
Costs of National Economic Policy: Im-
plications for Mental and Physical
Health and Criminal Aggression; Joint
Economic Committee, U.S. Con-
gress: Washington, DC, 1979.

10. Brenner, M.H. Estimating the Effects
of Economic Change on National
Health and Social Well-Being; Joint
Economic Committee, U.S. Con-
gress: Washington, DC, 1984.

Regional and state modeling to test the robustness of the
national model constituted a major effort of the present
analysis.

The U.S. national-level model was applied to the expla-
nation of mortality rate changes in five populous and geo-
graphically diverse states: California, Texas, New York,
Florida, and Illinois. The results were remarkably similar in
that the overall U.S. model applied quite precisely to each
of those five states. The model’s principal predictive vari-
ables all showed statistically robust relations to the age-
adjusted mortality rate. It should be pointed out that the
coefficients, representing the extent of change in mortality
related to changes in the economic variables, were not iden-
tical from state to state. Nevertheless, it is important to note
that the same economic model described historical changes
in mortality rates of states thousands of miles from one an-
other, with vastly different economies, patterns of urbaniza-
tion, and a host of lifestyle, social, and environmental factors.
Similar findings resulted from application of the model to
regional data for the United States.

All statistical tests traditionally used in time-series analy-
sis, as well as the forecasting capacity of the model, demon-
strate that each of the variables in the model plays a highly
significant role and that the entire model is of great statisti-
cal significance. The overall results, prevalent throughout
the United States, demonstrate (1) long-term declining mor-
tality rates related to patterns of economic growth, and (2)
short-term fluctuations in mortality rates associated with re-
cessions, structural unemployment rates, and the lag of un-
employment rates behind changes in real GDP per capita
(a standard feature of the business cycle).

CASE STUDY: MORTALITY EFFECTS OF
ENERGY SUPPLY CHANGES
The national econometric model was applied to a case study
to quantify the increased mortality rate that could result from
potential decreased real income per capita and increased
unemployment rates due to regulatory constraints on U.S.
coal utilization. Numerous policy proposals to reduce green-
house gas emissions have called for restrictions of carbon
emissions by the U.S. electricity-generating sector. 13

Under the hypothetical scenario that coal production
and related electricity generation were eliminated in favor
of lower-carbon, higher-cost alternatives such as natural gas
combined-cycle generation, an additional 195,000 prema-
ture deaths were estimated to occur by the year 2010 (see
Table 1). This is a conservative estimate based on a tight
construction of the assumptions of the future behavior of
the study variables (e.g., real income per capita, unemployment
rates) to 2010.

The case study used inputs from two analyses of the im-
pacts of reduced coal utilization on U.S. income and em-
ployment data, each offering disaggregated state-level
estimates of income and employment effects. Standard &
Poor’s DRI (1998)14 and Rose and Yang of The Pennsylva-
nia State University (2001)15 used alternative macro-
economic and input–output models, respectively, to estimate
the reductions of income and employment associated with

large-scale displacement of
coal use. The findings from
these studies were scaled to
approximate the effects of a
hypothetical 100% replace-
ment of coal. Thus adjusted,
the estimated increased un-
employment in 2010 ranged
from 3.2 million (Rose and
Yang) to 4.6 million jobs
(DRI). The reduction in
household income was esti-
mated in a range of $166 bil-
lion (Rose and Yang, 1999$)
to $363 billion (DRI, 1992$).

This upward scaling pro-
vided the basis for an assess-
ment of policy proposals that
could result in specific en-
ergy supply changes. For ex-
ample, in a recent study, EIA
estimates that the climate
change proposals currently
before the U.S. Congress
could lead to the displace-
ment of 59–78% of U.S. coal-
based electricity generation
by higher-cost natural gas
and other alternative genera-
tion sources.2

The results from this hy-
pothetical case study demon-
strate that increased
mortality rates would result
from decreased household
income and increased un-
employment associated with
a shift to higher cost energy
supply options, absent any
direct mitigation programs
that effectively prevented or
offset these effects. The esti-
mated increased mortality in
the year 2010, based on four
different variations of the
econometric model, ranges
from an additional 170,507
to 368,915 deaths for the
displacement of 100% of
coal-based generation. A
moderately conservative es-
timate based on an annual
change model would be an
additional 195,308 deaths.
This point estimate has a 95% confidence interval of
193,181–197,435 individual deaths.

Given an estimated potential displacement of 78% of U.S.
coal generation based on EIA’s study of proposed climate
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change initiatives, the indi-
cated premature mortality
from reduced income and
increased unemployment
would exceed 150,000
deaths annually, absent any
direct and effective mitiga-
tion programs.3 The effects
of other policy measures en-
tailing significant, near-term
disruption of energy supply
markets could be estimated
with a similar linear interpo-
lation of these model results.
However, the model does
not reliably lend itself to es-
timation of mortality effects
associated with relatively mi-
nor shifts in regional coal
production or electricity
generation (e.g., 10–15%).
In many instances, such pro-
duction shifts tend to be off-
setting, as production
decreases in one region are
offset by gains elsewhere.

Effects of Lagged
Relationships

The relationship between
change in the economic cir-
cumstances of people’s lives
and their subsequent health
status unfolds over time. In
the case of sharp stress reac-
tions to financial or employ-
ment catastrophes, the
reaction patterns may be
very rapid, that is, within a
single year. This is clearly the
case when suicide rates are

factored in, as these rates typically rise sharply within several
months of increases in national unemployment rates.
Chronic diseases such as cardiovascular diseases, on the other
hand, are known to respond to many different health risk
factors within years, if not decades.

In addition to the potential health effects of income loss
and unemployment, one has the problem of judging at what
point to begin the estimation of the impact of increased
unemployment. The difficulty here is that in classic analyses
of business cycles, national income—specifically, GDP per
capita—is a “coincident” business cycle indicator, meaning
that changes in it tend to coincide with the timing of busi-
ness cycles. Unemployment rates, on the other hand, are
“lagging” business cycle indicators. This means that, despite
even robust economic growth, during much of the initial
year of recovery from a recession, unemployment rates may
still remain high.

If one does not take into account these basic relation-
ships between income and unemployment change on one
hand and mortality on the other over at least a decade, it is
possible to arrive at the misinterpretation that without lag
there might be a negative relation between unemployment
and mortality. This could imply that unemployment (in the
very short term) is related to decreased mortality.16 This type
of error becomes more likely if one does not control for the
usual impact of traditional risk factors on mortality, such as
the effects of tobacco and saturated fat consumption on car-
diovascular mortality rates over at least a decade.

In virtually all of the studies on unemployment and
health, unemployment (especially long-term) is definitively
associated with higher illness and mortality rates at the indi-
vidual level of analysis.17 But perhaps the most powerful evi-
dence that economic growth is the fundamental source of
life-span longevity improvement is that, as shown in the
present study, the trends of decline in mortality rates across
diverse states and regions of the United States are related to
those in real GDP per capita cumulated for at least 10 years.

Influence of Other Health Factors
The model described here was evaluated to determine
whether control for principal epidemiological risk factors
to health would render the predictive variables insignificant.
The result was that, while known risk factors to health, such
as high consumption of tobacco, alcohol, and fatty foods,
are additionally significant predictors of mortality, they are
subordinate to the main economic predictors of the model
that routinely influence mortality.

Since the late 1960s, increasing real income per capita
in the United States is no longer positively related to con-
sumption of tobacco, alcohol, and fatty foods. Indeed, after
1970, in the United States and much of Europe, these health
risk factors ceased to be found more frequently in higher
income segments of society and came to be linked instead
to the lifestyles of lower socioeconomic groups. Thus, the
population groups that generally have benefited least from
economic growth and have been most vulnerable to prob-
lems of structural and cyclical losses of employment are most
likely to suffer from the risks of dietary and addictive
“lifestyle” health risks.

CONCLUSIONS
This study demonstrates the fundamental importance of
sustained economic growth to health and improved life span
for the U.S. population. The technological bases of long-
term economic growth continue to involve the harnessing
of energy supplies to enable humans to produce more per
unit of labor or capital investment. The economic growth
that continuously improves human life expectancy requires
access to affordable energy. In this fundamental sense, any
policy change that reduces growth or raises the level of un-
employment should therefore be defined and addressed as
a public health issue requiring an economic policy response
that limits or offsets these results. The implication of the
research described in this article provides an important
basis for future studies of energy and health.
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